In this paper, we investigate the output composition of the monetary policy transmission mechanism in Japan. The predominant channel through which monetary policy affects output in Japan is usually thought to be the investment channel, namely the process whereby a change in the interest rate alters the cost of capital and therefore investment. In the United States, however, the consumption channel, which works through intertemporal substitution, is commonly considered the more significant of the two. The aim of this paper is twofold: 1) based on analysis using VAR models to understand which of the two channels, the consumption channel or the investment channel, plays the more important role in the transmission of the Japanese monetary policy; and 2) to contribute to the research on what Angeloni, Kashyap, Mojon and Terlizzese (2003) term the "Output Composition Puzzle," referring to the fact that whereas in the United States the predominant driver of output changes is the consumption channel, in the Euro area it is the investment channel. Results obtained from the Japanese models imply that the investment channel is more important.
Introduction
In this paper, we research the output composition of the monetary policy transmission mechanism in Japan. It is generally observed that raising interest rates leads to decreases in both output and eventually the price level. However, although intuition and experience may suggest that it is fairly selfexplanatory, the channel through which this mechanism achieves its effect is not very obvious. The standard assumption holds that the predominant channel is the so-called "investment channel," namely the process whereby an interest rate change implemented by the central bank alters the cost of capital and hence affects investment.
1 Yet, for the United States, it is commonly argued that the consumption channel, which works through intertemporal substitution, plays a more significant role than the investment channel. Recent research by Angeloni, Kashyap, Mojon and Terlizzese (2003) makes use of analysis from VAR (Vector AutoRegression), DSGE (Dynamic Stochastic General Equilibrium) and large macroeconometric models employed in central banks. It concludes that whereas in the United States it is the consumption channel that is the main transmission channel, in the Euro area, this channel plays only a minor role in monetary transmission. The authors state that, for plausible parameter calibrations, the standard DSGE model is unable to account theoretically for this U.S. phenomenon, a fact which they refer to as the "Output Composition Puzzle."
The aim of this paper is twofold: 1) based on analysis using VAR models to understand which of the two channels, the consumption channel or the investment channel, plays the more important role in the transmission of Japanese monetary policy; and 2) to contribute to the research on the "Output Composition Puzzle." The results are consistent with our intuition that the investment channel is indeed more important than the consumption channel.
This paper is structured as follows. First, we construct five VAR models, each of which is identified differently, to account for the respective responses of consumption and investment to a nominal interest rate shock. Then, we investigate the output composition of the monetary transmission mechanism from impulse responses obtained from those VARs. The conclusion summarizes the findings of the paper.
VAR Models
There is a vast amount of research on the monetary policy transmission mechanism using VARs. Indeed, monetary transmission provides the subject matter for Sims' seminal paper on identified VAR [Sims (1980) ], which is well-known for its critique of traditional large macro models for their implausible identifications (the "Sims critique"). Since Sims' paper, a considerable amount of research making use of various identification schemes, has been published. In this field, it is popular to identify the system for contemporaneous relationships among macroeconomic variables. 2 To this end, some authors, such as Christiano, Eichenbaum and Evans (1999) , make use of the Choleski decomposition, which assumes that the system is recursive and hence allows identification. Others, such as Leeper, Sims and Zha (1996) , employ a non-recursive framework for identifying monetary policy shocks.
Turning to research that specifically deals with Japanese monetary policy, Iwabuchi (1990) represents the first attempt to investigate the monetary transmission mechanism in Japan using an identified VAR, employing a nonrecursive structure for the analysis. Since then, a number of papers similar to Iwabuchi (1990) but with slightly different aims have been published. Such papers make use of various identification methodologies. Miyao (2000) , Kimura, Kobayashi, Muranaga and Ugai (2002), and Fujiwara (2003) examine the stability of the monetary transmission mechanism within an identified VAR framework. Kasa and Popper (1997) , and Shioji (2000) construct monetary VAR models with reserve markets that enable them to embed the actual scheme through which monetary policy is implemented. Sugihara, Mihira, Takahashi and Takeda (2000) try to obtain robust conclusions with regard to the monetary transmission mechanism by making use of a variety of different identification schemes for their VAR models, employing both recursive 2 Although we believe that identified VAR is an appropriate tool for investigating the output composition of the monetary transmission mechanism, there exists several criticisms on using VARs when evaluating monetary policy effects. For example, Rudebusch (1998, p.929) concludes that "existing monetary VARs appear to be deficient when judged by a few structural benchmarks (like mutual consistency). Certainly, these VAR analyses have been too cavalier about the real-time information set of the central bank, especially given that VAR methodology relies so completely on separating relative policy actions from exogenous ones." Instead, Rudebusch (1998) recommends employing VAR analysis incorporating economic specification tests and regime shifts, VAR with time-varying endpoints, and a hybrid structural VAR model. Evaluating the output composition using these VARs is left for our future research.
and non-recursive frameworks, as well as including the long-run restrictions introduced by Blanchard and Quah (1989) . They also estimate the model using both non-differenced and differenced series. Teruyama (2001) provides an overall survey of recent developments in VAR studies of the monetary transmission mechanism in Japan.
However, when it comes to the output composition of the monetary transmission mechanism, which is the focus of investigation in this paper, previous research has paid little attention to the detailed structure of the transmission channel. In other words, it has not fully engaged with the question of whether the output changes that follow a monetary policy shock are driven more by the consumption channel (through intertemporal substitution) or by the investment channel (through the cost of capital). As prior research in this field in Japan tends to include only one output variable, usually industrial production, 3 we cannot say for certain whether changes in the output and price levels are brought about mainly through consumption or investment.
Even for the United States and the Euro area, research looking to explain the output composition has been limited. One example can be found in Christiano, Eichenbaum and Evans (2001). This paper carries out a VAR estimation using ten variables: consumption, investment, GDP, the GDP deflator, real wages, labor productivity, corporate profits, the federal funds rate, M2, and the S&P 500 stock price index. The authors examine whether the results obtained from a DSGE model with time-varying capital utilization may be used to reproduce realistic impulse responses, whereby "realistic" is to mean similar to those obtained from their VAR models. Once again, however, understanding the output composition of the monetary transmission mechanism lies outside the main focus of the paper.
The seminal research underlining the importance of understanding output composition is a recent paper by Angeloni (2001), where the latter is modified to suit the Euro data. As mentioned above, the authors conclude that whereas the predominant driver of output changes in the United States is the consumption channel, in the Euro area it is the investment channel. This phenomenon is christened the "Output Composition Puzzle."
As only few VAR analyses deal with the monetary transmission mechanism from the point of view of output decomposition in a Japanese context, 4 we construct five separate VAR models. These are based, respectively, on: 5 Contemporaneous relations are assumed to conform to a recursive structure in the first three and the last. Meanwhile, in the fourth case a non-recursive structure is applied, the methodology for which is established in Bernanke (1986), Blanchard and Watson (1986) , and Sims (1986) .
Our first model examined here follows Christiano, Eichenbaum and Evans (2001). The model consists of ten variables: consumption, investment, other GDP components, the CPI, real wages, labor productivity, the call rate, the profit-to-sales ratio, M2+CDs, and the TOPIX share price index. All the variables except for those defined as rates, such as the call rate and the profit 4 The only research we could find was Morsink and Bayoumi (2000) , but this estimates the VAR separately for each GDP component.
5 Detailed information on the data in these VAR models are as follows. For investment, consumption, and other GDP components, data are seasonally adjusted series at 1995 prices, obtained from the SNA (Cabinet Office). For the CPI, we make use of the seasonally adjusted Consumer Price Index at 2000 prices (Ministry of Public Management, Home Affairs, Posts and Telecommunications); and for commodity prices, the Nikkei Shohin Sisuu (Nikkei Shimbun). The call rate is quoted on collateralized bases before 1995 and uncollateralized bases after 1995 (Bank of Japan). The money stock is seasonally adjusted M2+CD, where the discontinuity caused by the adoption of a new definition is solved by using the quarterly growth rate (Bank of Japan). Stock prices are illustrated by TOPIX (Tokyo Stock Exchange); the bond yield is that on newly issued 10 years government bonds (The Japan Bond Trading Co.); the profit-to-sales ratio is computed from "Financial Statements Statistics of Corporations by Industry, Quarterly" (Ministry of Finance); and real wage and labour productivity from the SNA, the "Monthly Labour Survey" (Ministry of Health, Labour and Welfare) and the "Labour Force Survey" (Ministry of Public Management, Home Affairs, Posts and Telecommunications).
to sales ratio, are logs of their actual values. 6 In the original paper, Christiano, Eichenbaum and Evans (2001) employ aggregate real corporate profits, but it is the profit ratio that is employed in this paper. This is due to discontinuities in the aggregate profit data in Japan following the bankruptcies of many large companies and other institutions during the 1990s. Impulse responses are derived for each variable in turn, following the order as above 7 and a simple recursive framework is employed for identification. Changes in the call rate would only have a contemporaneous effect on corporate profits, money stock, and stock prices, and it is assumed that the central bank has complete information on all current non-financial variables when determining the call rate.
Our second model is based on Erceg and Levin (2002) . The model consists of six variables: consumption, investment, other GDP components, the CPI, commodity prices, and the call rate. Impulse responses are derived for each variable in turn, in the order established above and a simple recursive framework is employed for identification. The change in the call rate has no contemporaneous effect on other variables, but current information on all the macroeconomic variables are used by the central bank to set the interest rate.
Our third model may be named a generalized Erceg and Levin (2002) . We add further two variables, bond yields, and M2+CDs, into the above VAR. As a result, variables included are the same as those of the VAR based on Gordon and Leeper (1994) extended to include GDP components, as examined in Angeloni, Kashyap, Mojon and Terlizze (2003). However, contrary to them, a simple recursive framework with the order of the variables set as above is employed for identification when deriving the impulse responses. 8 The change in the call rate can only have a contemporaneous effect on the money stock and it is assumed that the central bank exploits all information except for the current money stock when determining the call rate. So far, only simple recursive structures of identification for contemporaneous relation are considered. The next model considered here is based on a non-recursive structure. Leeper, Sims and Zha (1996) 9 claim that it is unrealistic to include contemporaneous information about demand and the price level within the information set to which the central bank has access at the time it changes the nominal interest rate. Instead, they think it appropriate to restrict this information set to include only a leading indicator of the price level, commodity prices in this case, and the money stock. Furthermore, to retain consistency with the definition of a leading indicator, it is assumed that all variables may have contemporaneous effects on commodity prices. Based on this identification scheme, the model for application to the Japanese data is constructed as follows. The model consists of seven variables: CPI, consumption, investment, other GDP components, commodity prices, the call rate, and M2+CDs. Contemporaneous identification restrictions work as follows: the price level is not effected by GDP components while consumption and investment are affected only by the current price level; the other GDP components are affected to some extent by consumption and investment as well as the price level because other GDP components include imports and exports that are likely to have a high degree of contemporaneous correlation with consumption and investment; as is explained above, commodity prices, which are supposed to be sensitive to changes in forecasts of future inflation and therefore serves as additional information for the monetary policy decision making, are naturally affected by all other variables, and monetary policy is based on commodity prices and money stock; and contemporaneous effects on money demand arising from the price level, GDP, and the call rate are assumed. Changes in the call rate can thus only have simultaneous effects on money stock and commodity prices. The structural matrix A 0 in this identification is then constructed as follows: 
where u is VAR distarbances and subscript p denotes price level, c consumption, i investment, y other GDP components, com commodity price, r the call rate, and m M2+CDs. All variables except for r are logs of their actual value.
Our last model follows Peersman and Smets (2003) . Considering the high dependency of the Japanese economy on net exports and the increasing importance of the U.S. economy on the Japanese business cycle, the VAR model with the U.S. and world economic series as exogenous variables should be constructed so as to obtain more robust results about output composition. At least, as long as other GDP components are included in the VAR, the international value of the yen should have some role for the monetary transmission such that monetary tightening causes a short-run appreciation of the yen and a reduction in net exports. The model consists of seven endogenous variables: consumption, investment, other GDP components, commodity prices, M2+CDs, the call rate, and the real effective exchange rate, and also three exogenous variables: the U.S. federal funds rate, the U.S. GDP, and the CRB world commodity price index. Identification is made by the simple recursive structure with the order of the variables set as above. In this framework, the change in the call rate can only have a contemporaneous effect on the real effective exchange rate.
Output Composition of the Monetary Transmission 3.1 Impulse responses
VAR models are estimated for two periods. Miyao (2000) and Fujiwara (2003) conclude that there is a high probability that a structural break occurred around 1995 due possibly to the Bank of Japan's introduction of the de facto zero nominal interest rate policy. For this reason, two estimating periods, from 1980/Q1 to 1996/Q1 and from 1980/Q1 to 2003/Q3, are adopted in order to ensure that the results on the output composition of the monetary transmission mechanism are robust. As for the lag length, the number of lags is determined optimally in accordance with the Akaike Information Criterion (AIC).
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Figures 1 to 5 indicate the impulse responses to a nominal interest rate shock from 10 VAR models described above. Thick lines show the impulse responses based on the point estimates while the dotted lines demonstrate point-wise confidence intervals using the 10th and 90th percentile values of 1,000 samples for each VAR model generated by the bootstrapping method.
Basically, similar results are obtained from all 10 models. 11 An increase in the call rate lowers the GDP component such as consumption and investment although their initial responses up until about one-year are not statistically very significant. Output response reaches their peak decline around two to three years after the innovation in the call rate.
The price puzzle, the tendency for the price level to rise after a positive interest rate shock, is very significant, even though commodity prices are included as an endogenous variable in the VAR following Sims (1992) .
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This may be suggesting that the cost channel of monetary policy, 13 which is evinced by Barth and Ramey (2001) , may be substantial in the Japanese monetary policy transmission. 10 We also examined the Schwarz Bayesian Information Criterion (SBIC). However, the optimal lag length is always one according to the SBIC. Furthermore, results do not change significantly up until the lag length being four.
11 Awkward responses, such as a persistent increase in GDP components after a nominal interest rate shock, are found in the Leeper-Sims-Zha identification for the sample 1980/Q1 to 2003/Q3. This may imply the misspecification of the monetary policy decision making process following Leeper, Sims and Zha (1996) under the binding zero nominal interest rate bound since these odd responses vanish under a recursive framework with order as appeared in the previous section.
12 Sims (1992) conjectures that the price puzzle reflects the fact that the variables included in the VAR do not span over the information available to the central bank, and the inclusion of commodity prices, which are supposed to be sensitive to changes in forecasts of future inflation and therefore serves as an additional information for the monetary policy decision making, tends to mitigate this problem as the price puzzle is due to the misspecification of central bank's information set. 13 The concept underlying the cost channel of monetary policy is that the tightening of monetary policy may increase the cost of the firm and therefore it is quite possible for the price level to increase immediately after the rise in the nominal interest rate. Another intriguing finding, although not directly concerned to the aim of this paper, is that of the VARs estimated from 1980/Q1 to 2002/Q3, that include periods during which there was a de facto zero nominal interest rate policy, the upper bounds of confidence intervals for consumption, investment, and price level tend to be above zero.
14 This implies that monetary policy has become less effective since the introduction of the de facto zero nominal interest rate in 1995.
Concerning the output composition of the monetary transmission, the responses of investment, measured by the elasticity, is larger than those of consumption. This demonstrates that the investment channel is a predominant driver of output changes. Consumption is, however, much larger than investment. Therefore, even if the response of consumption gauged by elasticity is smaller than that of investment, there may be cases where the consumption channel plays a more significant role in monetary transmission. Hence, some new measures need to be introduced to evaluate the output composition of the monetary transmission mechanism in Japan.
Contributions
Following Angeloni, Kashyap, Mojon and Terlizze (2003), we compute contributions of consumption and investment to the response of private domestic demand, which is the sum of consumption and investment. Since these variables are estimated in logs for GDP components, this is computed as follows: first the cumulative response 15 of each component is described in the form of a ratio relative to the GDP response, where each response is measured relative to the relevant component baseline; then, component movements are weighted by their shares in GDP; the weight in accordance with each GDP component is set in line with its historical average since 1980/Q1 (consumption 0.55 and investment 0.15); and finally these weighted figures are normalized so that they add up to unity. Table 1 shows estimated contributions of consumption based on ten VAR models examined in this paper for the first 4, 8, and 12 quarters.
16 Along 14 However, in the Leeper-Sims-Zha identification, all responses are not statistically significant. 15 Cumulative responses are used so as to eliminate the distortion from temporary noise. 16 As the contribution of investment is just the contribution of consumption subtracted from one, only the latter is shown in with contributions from point estimates, those from the median, 10th and 90th percentiles from 1,000 bootstrapping simulations are also displayed. Most contributions from point estimates are less than 0.5 for the sample 1980/Q1 to 2002/Q3. Those for the sample 1980/Q1 to 1996/Q1 are around 0.5 on average. On the other hand, most median contributions are less than 0.5 in both samples. Thus, the overall results hint that the investment channel is slightly more important than the consumption channel.
Compared with similar tables in Angeloni, Kashyap, Mojon and Terlizze (2003), where most of the median contributions are above 0.5 in the United States while those of the Euro area are less than 0.5, it can be concluded that the output composition of the monetary transmission in Japan lies somewhere between the United States and Euro area. In other words, the consumption channel is less important than in the United States., but stronger than in the Euro area. As a whole, the investment channel is slightly more important than the consumption channel in the Japanese monetary policy transmission.
constrained to be unity, some awkward results appear when the initial response of those or one of them are positive against a rise in nominal interest rate as seen in ChristianoEichenbaum-Evans identification at 4 and 8 quarters.
Rather than evaluating each output composition by each VAR model, we aggregate all the contributions based on bootstrapping simulations. Figures 6 shows empirical frequencies from 5,000 draws computed from 1,000 bootstrapping simulation on each 5 VAR model for each sample. The horizontal axis shows the range of contributions and the vertical axis empirical frequencies. For example, the bar standing on 0.5 demonstrate the empirical frequency for contributions between 0.50 and 0.55.
17
Each histogram is significantly skewed, and the mode as well as the average always lie on the left side of 0.5, namely less than 0.5 for all cases. Overall, about 70% at 4 and 8 quarters, and about 90% at 12 quarters are less than 0.5 respectively. This result also demonstrates that in the Japanese monetary policy transmission, the investment channel, which works through an alteration in cost of capital, is slightly more significant than the consumption channel which works through the intertemporal substitution.
Conclusion
It is very important for a central bank to recognize which of the two major channels, the consumption channel or the investment channel, is the main channel of monetary policy. With this recognition (namely the output composition of monetary transmission mechanism), a central bank can effectively conduct monetary policy based on the economic situation, keeping a very careful eye on the movements of GDP components.
In this paper, we have estimated 10 VAR models with different identifications and estimation periods to evaluate the output composition of the monetary transmission mechanism in Japan. Overall, the impulse responses to a nominal interest rate shock are considered to be reasonable compared to previous researches in this field, and we see that investment responses, measured by elasticity, are much larger than those of consumption.
In order to assess the overall magnitude of monetary policy innovations through each consumption and investment channel, we have computed contributions since consumption is much larger than investment in size. Contributions from 10 VAR models as well as the aggregated empirical frequencies from 10,000 samples generated by bootstrapping simulations demonstrate that consumption contributions are likely to be less than 0.5. Since the Note: The density curves are based on 5,000 simulations (1,000 draws for each of the 5 VARs). contribution is normalized so that the sum of consumption and investment contribution is unity, we may say that the investment channel is the predominant driver of the monetary policy transmission. According to various VAR models with different identifications and estimation periods examined in this paper, we can conclude that it is the investment channel rather than the consumption channel which has the predominant effect on the transmission of the monetary policy in Japan.
So, what makes the output composition so different in Japan from that in the United States? Angeloni, Kashyap, Mojon and Terlizzese (2003) identify three possible explanations for the difference in consumption reactions between the Euro area and the United States: 1) lower adjustment costs on investment in the Euro area due to higher labor adjustment costs; 2) the greater sensitivity of U.S. consumers to interest rate changes due to differences in financial asset composition; and 3) government insurance mechanisms which cushion income against interest rate shocks. Among these three, we think that the second point is the most compelling reason for the difference between the United States and Japan. In the United States, it has been said that the changes in mortgage rates have significant effects on private consumption, while the amount outstanding of financial assets owned by households is much larger in Japan than in the United States. 18 This implies that the downward pressure from the interest rate rise caused by the substitution effect is mitigated somewhat by upward pressure from the income effect in Japan, although overall it is the substitution effect that dominates. Furthermore, the number of liquidity constrained consumers may be quite different in these two countries. We would like to leave this topic, explaining the output composition from consumers' financial condition, for future research.
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